3 memory. Although there are several neuroimaging studies on the subject, the results are not consistent. Some of the studies report differences in behavioral data (Speck et al., 2000; Zilles et al., 2016) , some differences in laterality of activations or different activation areas (Bell et al., 2006; Goldstein et al., 2005; Speck et al., 2000; Zilles et al., 2016) , and some papers have not shown significant differences in either aspect (Haut et Barch, 2006; Schmidt et al., 2009 ).
In order to contribute to this topic, we decided to re-analyze previously published data and to directly compare activations in males and females during the verbal memory task using functional MRI (Tüdös et al., 2011) .
Twenty volunteers (ten women, ten men with a mean age of 22.5 ± 1.7, resp. 24.1 ± 2.9 years, p = 0.38, Mann-Whitney U test) participated in this study. All participants were university students or recent graduates, all were right-handed. Local ethical committee approved research on healthy volunteers and all subjects participated after providing written informed consent.
Modified item-recognition task in block-design was used to engage the verbal working memory (E. E. Smith et Jonides, 1998) . In our setting, we used rear projection and a mirror mounted on the top of head coil to first display a slide with four target words; participants had to remember the words and their position on the screen. The target words were displayed for 4 seconds, then there was 7-second blank delay interval followed by single probe word in one of four possible positions displayed for 3 seconds. Subject had to respond, whether the probe word corresponded to one of the target words and whether it had the same position. A control condition with the same timing was used to subtract visual processing and to keep subject aware. The control task had the same timing but instead of target words we projected ordinal numbers in four positions ("first", "second", "third", "fourth"), which subjects did not have to remember and the probe word ("first" or "second") was always correct. Each single trial lasted Numbers of correct responses in males and females was compared using two-tailed ttest. FMRI data processing was carried out using FEAT (6.00 version, FMRI Expert Analysis Tool), part of FSL (FMRIB's Software Library) (S. M. Smith et al., 2004) . Standard preprocessing was applied: motion correction; slice-timing correction; non-brain tissue removal; spatial smoothing using a Gaussian kernel of FWHM 8.0 mm; and high-pass temporal filtering with sigma=30.0s. Time-series statistical analysis was carried out using FMRIB's Improved Linear Model (FILM) with local autocorrelation correction. Registration to standard space images was carried out using FMRIB's Linear Image Registration Tool (FLIRT).
Higher-level analyses of average group activation and between-gender differences were carried out using one-sample t-tests and a two-sample t-test as implemented in FMRIB's Local Analysis of Mixed Effects (FLAME) stage 1 and 2 (Woolrich, 2008) . Z (Gaussianised 5 T/F) statistic images were thresholded using clusters determined by Z>3.5 and a (corrected) cluster significance threshold of P=0.05 (Worsley K.J., 2001).
Performance of the task was good in all subjects, mean number of correct responses out of the 24 possible was 22.5±1.6 in males and 22.4±1.3 in females, this difference was not statistically significant (p = 0.88). Such a result on behavioral level is consistent with most previous studies on neuroimaging of verbal working memory (Bell et al., 2006; Goldstein et al., 2005; Haut et Barch, 2006; Schmidt et al., 2009) , studies that have found differences in behavioral domain are not consistent, one reporting a better score for males (Zilles et al., 2016) , another for females (Speck et al., 2000) .
The results of fMRI analyses by gender subgroups revealed similar bilateral regions of activation in the frontal, parietal, temporal and occipital lobes, basal ganglia, the brainstem and in the cerebellum (Fig.1) which are areas usually activated during verbal working memory tasks (E. E. Smith et Jonides, 1998; Tüdös et al., 2014; Wager et Smith, 2003) . Local maxima were localized to the left BA 9 and 46, in the inferior frontal gyrus (BA 44 and 47), in the left putamen and head of caudate bilaterally. Activations were also clearly visible in the left BA 44, BA13 and BA6. All of these areas were activated also in the right hemisphere, but left-sided dominance was obvious. Bilateral symmetrical activations were in the anterior cingulate cortex (BA 32) and the medial portion of the premotor area BA 6 (SMA). Parietal regions of activation involved bilateral intraparietal sulcus and superior parietal lobule (BA 7/40) with a predominance in the left hemisphere. The temporal lobes showed apparent activity in the posterior division of superior temporal gyrus (BA 21/22) and in both hippocampi. The occipital lobes were activated within Brodmann areas 18 and 19. Areas of activation in both cerebellar hemispheres and vermis were large and symmetric. Betweengender analysis revealed no statistically significant differences.
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Traditionally, there are assumptions about differences between cognitive functions between males and females. Some previous neuroimaging studies report statistically significant differences between males and females during the verbal working memory task, however, these results are inconsistent -there are reports of increased activation in occipital and parietal areas in 23 males compared to 10 females during the Sternberg item recognition task (Bell et al., 2006) , increased bilateral activation in frontal areas in 7 females compared to 7 males during the auditory continuous performance test (similar to the 3-back task) (Goldstein et al., 2005) , differences in the laterality index and overall increased activation in 9 males compared to 8 females during the 2-back task (Speck et al., 2000) , and finally increased activation in the midbrain and right-sided Broca area in 139 females compared to 92 males (Zilles et al., 2016) . This broad range of findings, therefore, does not indicate the existence of convincing gender differences; in general, it can also be concluded that in direct comparison the differences between the genders were significant in smaller or gender unbalanced study groups, and their power is therefore questionable. Published meta-analysis of neuroimaging studies of working memory between the genders also reports the differences; according to their results, females consistently activate more limbic and prefrontal structures and males activate a distributed network including more parietal regions (Hill et al., 2014) . Among the drawbacks of the meta-analysis is unbalanced number of subjects (701 male subjects in 44 studies and 200 female subjects in 15 studies). The analysis also pooled results of working memory studies regardless of the nature of the material (e.g., verbal, spatial, etc.), modality of the stimuli (e.g., visual, auditory, cross-modal, other) and difficulty of tasks (e.g., 2-back, 3-back, task timing, etc.), which can lead to misleading results.
Contrary to the above-mentioned inter-gender reports, in our group, there was no statistically significant difference in brain tissue activation between males and females. Schmidt et al (Schmidt et al., 2009) have also come to the same result using 1-, 2-and 3-back task in 25 7 males and 25 females. Similarly, another team failed to replicate the statistically significant differences in activation between the genders in two different study groups (the first with 49 subjects and the second with 61 subjects) using verbal 2-back task (Haut et Barch, 2006) . Our negative result can be further supported by a study that did not show any significant difference in behavioral performance between men and women in both the verbal and spatial working memory task (Kaufman, 2007) . In a recently published study, gender differences in behavioral data were observed only at very high loads of working memory tasks, i.e., with increasing number of objects to maintain (Reed et al., 2017) . In this perspective, working memory load in our task with four objects to remember in each trial was relatively low, which should also be considered when interpreting our negative result.
Our work has several potential limitations. The main limiting factor of our study is the low number of subjects which reduces the statistical power to detect significant differences.
Nevertheless, even the above cited previous studies with larger sample sizes (Haut et Barch, 2006; Schmidt et al., 2009 ) either did not detect any reliable gender effects, or reported them only at an uncorrected statistical threshold (Zilles et al., 2016) .
Second, we acknowledge that the current standard for functional neuroimaging studies is the 3T MRI scanner, whereas the 1.5T field strength used in our study provides a lower spatial and temporal resolution and lower signal-to-noise ratio compared to 3T field. To compensate for this, we acquired two functional runs per subject.
Finally, the recruited subjects had a narrow range of age and uniform education level, so our results cannot be generalized to the general population.
In conclusion, our data obtained on a small sample of young healthy volunteers does not indicate a significantly different brain function in the verbal working memory task between the genders. Whereas the brain networks implementing other cognitive functions 8 may be different in males and females, verbal working memory seems to be localized similarly in both genders.
